Background/Objectives: Breast feeding in infancy may be associated with reduced cardiovascular morbidity in adulthood. We examined the association between breast feeding in infancy and arterial function and structure in adulthood in a populationbased cohort of Finnish adults. Subjects/Methods: Noninvasive ultrasound was used to measure brachial artery flow-mediated dilatation (FMD), carotid artery intima-media thickness (IMT) and carotid artery compliance (CAC) in 1667 young adults participating in the Cardiovascular Risk in Young Finns Study with data on early nutrition. Results: Maximal FMD was higher in breast-fed men compared to formula-fed men (7.2 ± 4.0 vs 5.9 ± 3.4%, P ¼ 0.029) while no differences were seen between breast-fed and formula-fed women (8.9±4.5 vs 8.8±5.0%, P ¼ 0.84). In men, the multivariable correlates of FMD included the group variable for breast feeding (P ¼ 0.014), birth weight (P ¼ 0.043), waist circumference (Po0.001) and baseline brachial artery diameter (Po0.001). In women, the multivariable correlates of FMD were birth weight (P ¼ 0.02), waist circumference (Po0.001) and brachial artery baseline diameter (Po0.001). Breast feeding was not significantly associated with IMT or CAC in multivariable models. Conclusions: Adult men who have been breast fed have better brachial endothelial function compared to men who have been formula fed.
Introduction
Breast feeding in infancy has been associated with reduced cardiovascular risk in adulthood. Observational studies have associated breast feeding with lower blood pressure (Martin et al., 2004) and favourable serum lipid profile (Ravelli et al., 2000) , and with a decreased risk for obesity (Gillman et al., 2001) , impaired glucose tolerance (Pettitt et al., 1997) and cardiovascular disease (Fall et al., 1992) . Moreover, Singhal et al. (2004) demonstrated in a randomized controlled setting that breast milk in comparison to formula feeding leads to a favourable cardiovascular disease risk factor status later in life.
Brachial artery flow-mediated dilatation (FMD) is a marker of arterial endothelial function that can be measured noninvasively by ultrasound. The FMD response reflects nitric oxide release from vascular wall endothelial cells (Mullen et al., 2001) . Normal endothelial function is recognized as an important atheroprotective factor that inhibits atherogenesis by favouring vasodilatation over vasoconstriction, and by regulating leukocyte-endothelial cell interactions, smooth-muscle cell proliferation and thrombocyte aggregation (Raitakari and Celermajer, 2000) . Endothelial dysfunction is an early event in atherogenesis that precedes the development of morphological atherosclerosis and predicts the occurrence of adverse cardiovascular events (Järvisalo et al., 2006) . Carotid artery intima-media thickness (IMT) and carotid artery compliance (CAC) are additional measures of arterial health that can be assessed noninvasively by ultrasound. Increased IMT correlates with vascular risk factors (Davis et al., 2001; Raitakari et al., 2003) , relates to the extent of coronary artery disease (Burke et al., 1995) and predicts future cardiovascular events (O'Leary et al., 1999) . Similarly, decreased carotid artery compliance or elasticity is associated with cardiovascular risk factors (Raitakari, 1999) , and has been implicated as an independent predictor for cardiovascular events in high-risk individuals (Blacher et al., 1998) .
There has been a marked improvement in breast feeding of infants over the last 25 years, but the prevalence varies considerably between communities. An examination of the health effects of breast feeding is of interest as this may help the promotion of breast feeding. To gain insight on the potential long-term effects of breast feeding on arterial health, we examined the relations between infant breast feeding and the arterial function and structure in a cohort consisting of 1667 white Finnish adults.
Methods

Subjects
The Cardiovascular Risk in Young Finns Study is an on-going five-centre follow-up study of atherosclerosis precursors of Finnish children and adolescents. The first cross-sectional survey was conducted in 1980, when 3596 participants, aged 3-18 years, were randomly chosen in each area from the national population register (Å kerblom et al., 1985) . In 2001, we re-examined 2283 of these individuals, now aged 24-39 years (Raitakari et al., 2003; Juonala et al., 2004a) . Complete data on ultrasound studies and breast feeding was available for 1667 (73%) subjects. The data on breast feeding and its duration was obtained from the parents by a questionnaire in 1983 when the subjects were 6-21 years old. The questions of breast feeding and its duration did not differentiate partial and exclusive breast feeding. The parents were advised to check this information from the children's personal record cards obtained from well-baby clinics, if possible. The study was approved by local ethics committees and all subjects gave their written informed consent.
Clinical protocol
In 2001, height and weight were measured, and body mass index (BMI) was calculated. Waist circumference was measured with an accuracy of 0.1 cm. Blood pressure was measured from the nondominant arm using a random zero sphygmomanometer. Average of three measurements was used in the analysis. Smoking habits were ascertained with a questionnaire. For the determination of serum lipoprotein levels, venous blood samples were drawn after an overnight fast. All lipid determinations were performed using standard methods (Juonala et al., 2004a) . Low-density lipoprotein (LDL)-cholesterol concentration was calculated by the Friedewald formula (Friedewald et al., 1972) . In 2001, 50% of the subjects participated in a 48-h dietary recall interview. The intakes of energy and nutrients were calculated using the National Food Composition Database maintained by the National Public Health Institute (National Public Health Institute, 2003) . Details of the dietary study have been described elsewhere (Mikkilä et al., 2004) .
Ultrasound imaging
Ultrasound methods and their reproducibility have been previously published in detail (Raitakari et al., 2003; Juonala et al., 2004b Juonala et al., , 2005 . In brief, to assess brachial FMD, the left brachial artery diameter was measured both at rest and during the reactive hyperaemia. Increased flow was induced by inflation of a pneumatic tourniquet placed around the forearm to a pressure of 250 mm Hg for 4.5 min, followed by release. Three measurements of arterial diameter were performed at end-diastole at a fixed distance from an anatomic marker at rest and at 40, 60 and 80 s after cuff release. The vessel diameter after reactive hyperaemia was expressed as the percentage relative to the resting scan. To assess carotid IMT, the far wall of the left common carotid artery was measured approximately 10 mm from the bifurcation recording images from the angle showing the greatest distance between the lumen-intima interface and the mediaadventitia interface. To assess carotid artery elasticity, the best quality cardiac cycle was selected from the 5-s B-mode clip images. The common carotid diameter was measured in diastole and systole, and the concomitant brachial blood pressure measurements were used to calculate the carotid artery compliance.
Statistical methods
Univariate comparisons between the two groups were performed using Student's t-test or nonparametric MannWhitney U-test, as appropriate. To study the independent correlates for breast feeding and vascular variables, we used multivariable linear regression analyses. Risk factors included in models were LDL-cholesterol, high-density lipoprotein (HDL)-cholesterol, systolic blood pressure, waist circumference, brachial vessel size, smoking and birth weight. The statistical tests were performed with Statistical Analysis System version 8.1, and statistical significance was inferred at a two-tailed P-value o0.05.
Results
The characteristics of the study subjects according to sex and the presence of breast feeding in infancy are shown in Table 1 . The median duration of breast feeding was 4 months (range o1-36 months). In both sexes, there were no differences in serum lipids, blood pressure, BMI, education duration or dietary components between those who had been breast fed compared to those who had been formula fed. Between both sexes, formula-fed subjects had smaller birth weight and were more often born prematurely compared to breast-fed subjects (Table 1) . Women who had been breast fed were younger (P ¼ 0.04) and more often smokers (P ¼ 0.01) compared to formula-fed women. Breastfed women had also a trend for lower systolic blood pressure (P ¼ 0.06), lower total cholesterol (P ¼ 0.08), lower IMT (P ¼ 0.06) and higher CAC (P ¼ 0.05) compared to formulafed women.
Baseline brachial artery diameter was similar between breast-fed and formula-fed subjects in both sexes (Table 1) . Maximal FMD was higher in breast-fed compared to formulafed men (P ¼ 0.029). No differences were seen between breast-fed vs formula-fed women (P ¼ 0.84). The duration of breast feeding was not associated with FMD in either sex (men: r ¼ À0.01, P ¼ 0.78; women: r ¼ À0.05, P ¼ 0.18).
In men, the multivariable correlates of FMD were the group variable for breast feeding (breast fed vs formula -fed; P ¼ 0.014), birth weight (P ¼ 0.043), waist circumference (Po0.001) and baseline brachial artery diameter (Po0.001). The multivariable results remained essentially similar after exclusion of prematurely born males (n ¼ 89). In women, the multivariable correlates of FMD were birth weight (P ¼ 0.02), waist circumference (Po0.001) and brachial artery baseline diameter (Po0.001) ( Table 2 ). Breast feeding was not significantly related to IMT or CAC in multivariable models in either sex.
Discussion
The present study showed that breast-fed men have better endothelial function later in life in young adulthood than formula-fed men. The association between breast feeding and subsequent cardiovascular risk has remained contradictory although most studies have implicated a protective role for breast feeding in regard to cardiovascular risk factor levels in adulthood (Ravelli et al., 2000; Owen et al., 2002 Owen et al., , 2003 Martin et al., 2004) . Our current findings concur with these previous results by demonstrating that breast feeding is associated with enhanced endothelial function irrespectively of current risk factor levels in adult men. Limited number of studies have evaluated the influence of breast feeding on arterial function or structure. The association between breast feeding and adult FMD was only seen in the male participants of the cohort, but not in the women. The reason for this discrepancy between sexes remains unclear. The breast-fed women of the present study had higher prevalence of smoking compared to those who had been formula fed and smoking may impair endothelial function (Celermajer et al., 1992) . However, this is an unlikely explanation as in our study population smoking is not an independent determinant of FMD (Juonala et al., 2004b) . Some previous studies have also shown that the beneficial effects of breast feeding on cardiovascular risk factors in adulthood are only apparent in men (Fall et al., 1992) . This is also an unlikely explanation since no differences in serum lipids, blood pressure or BMI were observed between breast-fed and formula-fed subjects in either sex. Finally, as atherosclerosis usually develops later in life in women compared to men it might be suggested that the differences in women would only become evident at an older age, although one would expect the influences of breast feeding to be observed relatively early in life.
Birth weight was directly associated with FMD in the multivariable models. Previous population-based studies have associated low birth weight with an increased risk of cardiovascular disease and its risk factors in adulthood Barker et al., 1993; Martyn et al., 1995) . Two earlier studies have similarly shown that birth weight is directly associated with arterial endothelial function in adolescence and early adulthood (Leeson et al., 1997 (Leeson et al., , 2001b . Our results confirm these earlier findings and extend the expanding body of evidence on the importance of perinatal factors on later risk. Small preterm infants are often incapable to breast feed shortly after birth, which may explain why formula-fed subjects were more often smaller at birth and born prematurely than breast-fed infants. The direct association between breast feeding and FMD in men, however, remained significant after controlling for birth weight in the multivariable model.
In the 65-year follow-up of the Boyd Orr cohort, Martin et al. (2005) reported that breast feeding was inversely associated with atherosclerosis measured by carotid artery intima-media thickness and plaque prevalence in older age. Leeson et al. (2001a) observed that breast feeding in infancy was related to reduced brachial artery distensibility 20 years later, in a population based cohort of 331 subjects. We were unable to replicate these findings. In our study, women who had been breast fed had a tendency for lower IMT and higher CAC compared to formula-fed women in univariate analyses, but these relations became nonsignificant after multivariable adjustments.
It has been suggested that breast feeding might program the individual in regard to adult nutritional habits (Barker et al., 1993) . In the present study current nutrition was recorded using a standard 2-day nutrition diary in 734 subjects. No differences were observed in current diet between breast-fed and formula-fed individuals implicating that the present findings are not explained by differences in current nutrition.
It remains unclear how the positive effects of breast feeding on endothelial function are mediated if favourable influences on risk factor status are nonexistent. Breast milk contains long-chain polyunsaturated fatty acids that are important structural components of tissue membranes including the vascular endothelium (Engler et al., 1999) . In addition, incubation of cultured endothelial cells in breast milk increases production and release of vasodilating prostanoids (Ristimäki et al., 1991) .
Thus components of breast milk might lead to structural and functional alteration in the vascular endothelium important for developing normal FMD responses later in life. Breast milk also contains several hormones that may have sustained effects on the developing individual and might translate into differences in endothelial function between breast-fed and formula-fed individuals (Mott et al., 1996; Koldovsky, 1996; Kling et al., 1998) . The present study has several limitations. The data on infant nutrition were retrospectively collected from the parents of the subjects in 1983 when the subjects were between 8-21 years of age. However, the parents were asked to confirm the data on breast feeding from well-baby clinic medical records, a fact that increases reliability of infant nutritional data. It has also been shown that maternal recollection of their children's infant feeding remains accurate up to 20 years after birth (Kark et al., 1984) . Unfortunately, we did not have data to separate those subjects who were exclusively breast fed (with no addition of any formula or other milks) or partially breast fed. Furthermore, there were only 119 subjects in the formulafed group compared with 1548 subjects in the breast-fed group. However, we estimated that even with these numbers the study had over 90% power to detect a difference of 2% units in FMD between breast-fed and formula-fed groups at the Po0.05 level.
Normal endothelial function may protect arteries from the harmful effects of risk factors against the development of structural atherosclerotic changes (Ross et al., 1977; Järvisalo et al., 2004; Juonala et al., 2004b) . The present findings suggest that the positive effects of breast feeding on later cardiovascular health may at least partly be mediated via positive effect on arterial endothelial function. These findings support the concept that breast feeding is optimal infant nutrition.
